Introduction and objective. Deficits of vitamin resources constitute a significant public health problem, especially among the elderly population. The aim of the research was to determine the level of vitamin 25 (OH) D and vitamins from group B in the chronically ill elderly in domiciliary care, depending on functional capacity and coexisting diseases. Materials and method. The pilot study included 137 patients staying in long-term domiciliary care. Samples of the participants' venous blood was obtained for laboratory tests. Centrifuged serum was used to determine the level of the following biochemical parameters: vitamin 25 (OH)D, B12, folic acid and total protein, albumin, triglycerides, total cholesterol and HDL cholesterol. Assessment of the functional status of patients was made by using the Barthel scale. Results. More than ¾ of the patients with functional deficit (according to Barthel's score 0-85 points) were deficient in vitamin 25 (OH)D, while folic acid values were below the reference values in more than half of the patients. Respondents with lower functional efficiency were characterised by a reduced average value of vitamin 25 (OH)D and folic acid. Conclusions. The studied group of the chronically ill elderly was characterised by a deficiency of vitamin D3 and folic acid. Subjects with a functional impairment deficit show a reduced mean value of vitamin 25 (OH)D and folic acid in the blood serum, compared to the group of patients with higher mobility.
INTRODUCTION
Deficits of vitamin resources constitute a significant public health problem, especially among the elderly population, in whom multi-morbidity and limited functional capacity are often diagnosed. The term 'vitamin deficiency' refers to a state in which the deficiency of specific groups of vitamins has a negative effect on the functioning of the body. The most common deficiencies observed in chronically ill elderly patients concern vitamins B12, B1, B6 and D [1] .
The prevalence of vitamin D deficiency (cholecalciferol) in the elderly ranges from 5%-25% of those living alone and from 60%-80% of people living in nursing homes. Scientific research implemented in recent years has shown the pleiotropic effect of vitamin D3. Among the numerous effects regarding active metabolites of cholecalciferol, the following are particularly important: the relationship between vitamin D3 deficiency and heart disease, type 1 diabetes, mental and neoplastic diseases, and even increased mortality with long-term vitamin deficits [2, 3, 4] . The relationship between cholecalciferol deficiency and changes in the skeletal system in people over 65 is significant, due to the direct relationship between these factors and mobility, which is one of the most important elements determining the independence of elderly people [5] .
The second, clinically significant vitamin deficiency in the elderly is avitaminosis B12 (cobalamin) [6] . It is estimated that vitamin B12 deficiency affects about 10-40% of the elderly population. Studies clearly show an increased risk of cobalamin deficiency with age [7, 8, 9] . The avitaminosis B12 is often accompanied by a deficiency of folic acid (vitamin B9), which is caused by reduced retention of folic acid by the cells in a situation of cobalamin deficiency [10] . The deficiency of cobalamin and folic acid is a frequent cause of neuropsychiatric symptoms in the elderly and is associated with the occurrence of neurological, cognitive, psychotic and mood disorders [7] . It is believed that a deficiency of vitamin B12 is a risk factor for the development of Alzheimer's disease. It is also one of the causes of the development of dementia, resulting in psychomotor slowing, apathy, and lack of concentration [11, 12] .
The occurrence of vitamin deficiencies in the chronically ill elderly is especially worrying due to the clinical consequences caused by these deficiencies. Research indicates a correlation between vitamin deficiencies and the functional state of chronically ill elderly people [5, 6] . However, there is a lack of a Polish population-wide research of people over 65 in the field of vitamin and micronutrient assessment in the body. In representative German studies, the KORA-Age-Study conducted in a group of people over 65 (n = 1,079, aged 65-93), deficiencies of vitamin 25 (OH) D (<50 nmol / l) were found in 52% of respondents and vitamin B12 (<221 pmol / l) in 27.3% of subjects [13] .
In Poland, elderly patients with a large functional deficit, requiring long-term care, constitute a small percentage of seniors. In the PolSenior study among the Polish population (n = 4,913) aged over 65 (mean age 79.3 ± 8.7, age range 65-104 years), in the assessment of their functional status in terms of basic vital signs according to the Katza scale (ADL), 5.3% of respondentswere functionally dependent (partially efficient 3-4 points, and inefficient 1-2 points on the scale) [14] . In cross-sectional studies evaluating vitamin resources in the body of adults or elderly people, patients with low functional efficiency in domiciliary care are often excluded or overlooked, hence the inclusion of such a specific group in the current study seems to be necessary and justified.
OBJECTIVE
Presented results constitute an initial stage of a larger study aimed at determining the level of vitamin 25 (OH) D and B vitamins in the chronically ill elderly receiving domiciliary care, depending on functional capacity and coexisting diseases.
MATERIALS AND METHOD
The study pilot included 137 patients staying in long-term domiciliary care. The research was conducted between September 2016 -February 2017. Information was collected through a direct interview, by nurses (n=18) working in long-term domiciliary care. The nurses were employees of 5 facilities of primary health care. Additionally, the nurses providing the domiciliary care had been familiarised with the study protocol and were prepared to collect data, take measurements and collect materials for laboratory tests prior to home visits, in accordance with the adopted study procedure.
Patients were informed concerning preparation for the laboratory test on the following day (recommendation concerning blood collection: morning on an empty stomach, after about 8-12 hours without eating). In the morning, each patient had venous blood drawn to determine biochemical parameters. The blood was transported in specially prepared containers to the laboratory within no more than 30-60 minutes from the time of collection. The inclusion criteria were as follow: a normal diet consistent with dietary recommendations for seniors, without limiting the amount and quality of food intake, and not taking vitamin supplements. In addition, low risk associated with state of nutrition according to the scale NRS-2002 < 3 (the Nutrition Risk Screening 2002); functional deficit of the patientBarthel scale 0-85 points, no co-existing neoplastic disease or renal failure, and no cognitive impairment measured by the MMSE scale ≥ 7 (Mini-Mental State Examination), receiving domiciliary care.
In total, 149 people qualified for the research. However, after a detailed analysis of the collected research materials, due to some questionnaires being incomplete, 12 respondents were excluded. Written consent was obtained from the directors of health care who employed environmental nurses to collect the research data. The research was voluntary and anonymous. At each stage of material collection, the patients had the right to resign or refuse to continue participating in the research. The research received a positive opinion from the Bioethics Committee at the Medical University in Lublin (KE-0254/13/2016) and was in accordance with the Helsinki Declaration. The research was carried out as part of the authors' own research funded by the Medical University in Lublin.
Barthel Index. The Barthel Index was used to assess basic everyday activities. In this scale, everyday activities, such as eating, moving, maintaining personal hygiene, using the toilet, bathing the whole body, moving on a flat surface, climbing stairs, dressing and controlling the excretion of stool and urine, are all taken into account. Depending on the extent of independence, the patient is assigned 0-100 points. The efficiency of the patients could be differentiated depending on the point ranges to which they were qualified: 86-100 points -the patient copes well with everyday activities, 41-85 points -the patient partly cannot cope with everyday activities, 0-40 points -the patient cannot perform most everyday activities [15] . Evaluation of the usefulness of the Barthel Index in the conditions of Polish healthcare as a reliable tool (α-Cronbach coefficient = 0.78 ÷ 0.89, test-retest correlation coefficient R = 0.93 ÷ 0.95) to measure the scope of independence in performing everyday activities by older people has been confirmed in research [16] .
Demographic and clinical variables. The collected sociodemographic data describing the examined group were gender and age. The variable considered in the medical assessment was multimorbidity, i.e. the presence or absence of diseases of the circulatory, respiratory, endocrine and nervous systems, according to the ICD 10 classification.
Blood collection and biochemical analysis. Blood samples were taken from fasting respondents after an overnight rest and light supper the previous day. The blood was collected in tubes containing a clot activator and a separating agent (granulate). The plasma was separated by centrifugation at 3,000 rpm for 10 minutes. Centrifuged serum was used to determine the level of biochemical parameters. Testing for total protein concentration, albumin, total cholesterol, triglycerides and HDL cholesterol was performed using original reagents on the Advia 1800 (Siemens). LDL cholesterol was calculated from the Friedewald formula. Vitamin 25 (OH) D was determined on the Cobas E411 (Roche), using the original reagent kit via electrochemiluminescence. Vitamin B12 and folic acid were determined on an Advia Centaur apparatus (Siemens) using chemiluminescence.
Statistical analysis.
The obtained results were subjected to statistical analysis using the STATISTICA 10 software (StatSoft, 2011). The value of p <0.05 was considered statistically significant. Due to the fact that the distribution of variables deviated from the normal distribution, non-parametric statistical tests were used. To examine the differences between 2 groups, U MannWhitney non-parametric test was used, and for more than 2 groups, the Kruskal-Wallis test with the post-hoc NIR test was used.
RESULTS
Characteristics of the study group. The research included a total of 137 patients living in their own homes, receiving longterm domiciliary care on an average for 3.91 years (± 2.61). Functional efficiency according to the Barthel Index score was: in 37 (27%) patients 0-20 points, in 76 (55.5%) subjects 21-40 points, while in the remaining 24 (17.5%) respondents the value reached the range between 41-85 points. Of the respondents, 78.1% were women and 21.9% were men. The average age of the study group was 79.6 years (± 9.1); the youngest patient was 58 years old and the oldest 104. In the assessment of the nutritional status of the examined patients, due to the difficulty in assessing the body weight in the home conditions in bedridden patients, biochemical tests of the serum albumin concentration in blood were used, according to De Chicco et al. [17] . The mean serum albumin concentration in the study group was 4.11 g / dl (± 0.42). Analysis of the medical records of the respondents, taking into account the ICD classification, revealed the occurrence of specific disease entities (Tab. 1).
Vitamin levels in the study group. Table 2 shows the average levels of vitamin 25 (OH) D, B12 and folic acid in the study group. More than ¾ of the studied population (N = 115, 83.9%) were deficient in vitamin D3, the average value of vitamin 25 (OH) D in the studied patients being 17.27 ng/ml (± 14.73). The level of vitamin B12 was consistent with the reference range in almost all subjects (93.4%, N = 128). Only in a small group of patients (6.6%, N = 9) the level of marked vitamin B12 was below the laboratory standard. The average level of vitamin B12 was 386.54 pg/ml (±131.77). The marked values of folic acid were below the reference values in more than half of the respondents (51.1%, N = 70), while the average value of folic acid was 7.36 ng/ml (±5.26). Table 3 
Functional efficiency, coexisting diseases and vitamin reserves in patients.

DISCUSSION
Vitamin 25 (OH)D, B12 and folic acid deficiencies are the most common vitamin deficiencies in the elderly. In this study, vitamin 25 (OH)D deficiency (value below 30 ng/ml) was found in 83.9% of patients. Similar results were shown in the studies of Napiórkowska et al. [18] , where levels of vitamin D3 were investigated in 274 women aged 60-90; vitamin D3 deficiency was present in 83.2% of the subjects.
Research by Cashman et al. [19] , conducted among 55,844 residents of 18 European countries, showed vitamin D3 levels below 30 ng/ml in 13% of the general population, without distinction according to their age, race or place of residence. The MORE (Multiple Outcomes of Raloxifene Evaluation) international study [20] conducted in many countries around the world, showed significant differences between serum vitamin D3 levels within a group of 7,564 elderly postmenopausal women, depending on the country and region of the women studied. In the mentioned study, Poland was represented by 152 women, with an average age 64.6 years. The above group was characterised by the level of 25 (OH)D in the serum below 25 mmol/ml in 12.5% of women; the remaining 45.4% had a level of vitamin D3 in the range of 25-50 mmol/ml, indicating a deficiency of vitamin D3. Similarly, in other European countries, vitamin D3 deficiency has been found in people over 65 years of age. Among 1,282 research participants aged 65-95 in The Netherlands, a deficiency of vitamin D3 was found in nearly 39% of men and 57% of women [21] . It is surprising that there is a deficit of vitamin D3 in the inhabitants of sunny Italy, where 104 of the elderly were examined; in 99 of them the concentration of 25-hydroxycaceferol was indeterminable [22] . These epidemiological studies confirm the common occurrence of vitamin D3 deficiency within the elderly population in different countries where there is a tendency to avoid contact with natural sunlight, which results in a decrease in the synthesis of vitamin D 3 in the body [23] .
Another common vitamin deficit in the elderly population is a deficiency of vitamin B12 (cobalamin) and folic acid (vitamin B9). In own studies, the deficit of cobalamin was found in only 6.6% of patients. This is something which may have been caused by several factors. First, the reference range of vitamin B12 indicated by the laboratory where the tests were conducted is quite wide and covers an interval between 211 pg/ml and 911 pg/ml. In addition, the financial constraints allocated for the implementation of our research project prevented the determination of additional, indirect indicators, such as homocysteine and methylmalonic acid (MMA), which is one of the markers of B12 in the human body and, as indicated in the literature, should be marked in order to assess the body's supply of cobalamin [24] . The previous findings have been confirmed by Suter [25] , which indicates that the level of vitamin B12 determined in the blood serum does not always reflect the actual resources in the body. Studies conducted in the United Kingdom among people over 65 years of age showed a deficiency of vitamin B12 in 20% of patients [26] . A cross-sectional, population-based study of 1,048 elderly (aged 65-100 years) in Finland showed a deficiency of vitamin B12 in 6.1% of subjects [27] .
As indicated in the literature, it is necessary to determine the level of folic acid in the diagnosis of vitamin B12 deficiency, because it takes part during the same metabolic processes. In research by the authors of the current study, folic acid deficiency was demonstrated in more than a half of the older patients -51.1%. A study by Wierzbicka et al. [28] conducted among older residents of Warsaw, showed that 25% of men and 7% of women were at high risk of folic acid deficiency, meaning the concentration of folate in the blood was lower than the recommended reference range. The results of a study by Naronha et al. [29] conducted among 84 elderly people living in nursing homes in Portugal, showed a low level of folic acid and vitamin B12 in 5.9% and 42.9% of respondents, respectively.
In the presented study, an attempt has been made to assess the impact of functional capacity on the levels of vitamin D3, B12 and folic acid. Subjects with a functional deficit were characterised by a reduced mean value of folic acid and vitamin D3 in the blood serum, compared to the group of patients with good mobility.This correlation has been confirmed by the studies of Van Pottelbergh et al. [30] , who examined 325 people aged 80 and above residing in Belgium, proving that the higher level of vitamin D3 was correlated with the activity and physical fitness of the subjects. Similar conclusions were formulated by Rafiq et al. [31] , studying the effect of vitamin D3 supplementation on the physical fitness of patients with COPD. Individuals receiving vitamin D3 had significantly greater inspiratory muscle strength and peak exercise tolerance. The above results justified the effect of vitamin D supplementation on muscle strength and physical performance.
According to the literature, B vitamins do not directly impact physical fitness, but instead take part in many metabolic processes of the body. Their deficiency slows down the synthesis of DNA and cell replication, increases the homocysteine level in the blood, impairs nervous system function, overactivity, and difficulty in falling asleep, feelings of exhaustion and concentration problems, as well as states of anxiety and restlessness, depression, insomnia and memory problems [7, 10] . These disorders impact upon the emergence of pathology in the sphere of cognitive functions, which largely determine the independence and functional efficiency of older people [32] . Bronkowska and Karcz [33] conducted research among women with low physical activity, the results of which indicated a low intake of B vitamins, which may confirm the thesis concerning the effect of vitamin deficiencies on the weakening of muscle strength and increase in the impairment of physical activity.
In own studies, the authors of the current study have determined a relationship between the occurrence of diseases and the levels of vitamin D3, B12 and folic acid. The results of the conducted research have only indicated the existence of a relationship between the level of vitamin B12 and the occurrence of degenerative joint diseases. Respondents with osteoarthritis had a higher average level of vitamin B12, compared to the group of people with undiagnosed osteoarthritis. This fact might be influenced by the employed therapeutic recommendations, using the B vitamins for treatment. As the literature indicates, a deficiency of B vitamins (including vitamins B12 and B9) contributes to the demyelination of the spinal cord's nerves and the cerebral cortex, affecting the manifestation of neurological symptoms [34] . In addition, a deficiency of vitamin B12 and folic acid is recognised in a significant number of older patients who develop neuropsychiatric symptoms.
Deficiency of B vitamins can also lead to disturbances in the homocysteine metabolic process and increase its concentration in the blood. The above disorders result in damage to the vascular endothelium and the development of atherosclerotic lesions. In our own studies, there was no correlation between the level of vitamin B12 and folic acid and the occurrence of atherosclerosis. However, scientific reports indicate the existence of the above dependence [35] . Similarly, in own studies, the authors have not found any correlation between the level of vitamin D3 and the occurrence of cardiovascular system diseases. However, in the last decade, evidence has been provided of the relationship between low levels of vitamin D and an increased risk of hypertensive disease, stroke or cardiovascular events [36] .
Study limitations.
The presented results of the pilot study focused on determining the level of vitamin D3 and B group vitamins, due to their significant impact on the functional efficiency of the chronically ill elderly in domiciliary care. However, the study is characterized by some limitations. Firstly, the obtained results are only preliminary, a not too numerous group did not allow the drawing of conclusions representative for a larger population. Secondly, the number of women was more than 3 times higher (78.1%) in relation to the number of men (21.9%) due to the longer life span of elderly females (7.4 years, on average). Thirdly, there is a lack of a full analysis concerning the diet of ill elderly in domiciliary care. The diet and content of particular nutrients in the diet were not evaluated among patients; however, the food intake among the respondents was consistent with the nutritional recommendations of seniors, without introducing vitamin supplementation and without limiting the amount and quality of food intake.. Fourthly, the subjects were characterized by low and average values on the Barthel Index. The group of patients with higher functional efficiency (Barthel >40 points) was less numerous (N = 24) due to the frequent lack of nursing care in the home environment, which made it difficult to collect research material. This situation results from the Polish reality concerning the functioning of health care, in which nursing home care is exercised continuously only in the situation where the patient scored <40 points on the Barthel Index.
Given the above limitations, formulating definite conclusions requires further study of a representative sample of chronically ill patients in domiciliary care. A large population study is recommended which includes patients with varying degrees of functional capacity dysfunction (determined by the Barthel Index). Such a study should also have a multi-stage and time-staged character, so that, depending on the functional capacity, the vitamin status of the subjects can be assessed.
CONCLUSIONS
The examined group of elderly people receiving long-term domiciliary care was characterised by a significant deficit of vitamin D3 and folic acid. The level of vitamins was conditioned by the low functional efficiency of patients, while the deficiency of vitamin D3, folic acid and vitamin B12 may be considered as a factor aggravating the functional impairment of the elderly patients. Due to the prevalence of vitamin deficiencies in the group of elderly people covered by long-term domiciliary care, it is advisable to undertake diagnostic measures for the actual determination of vitamin levels in the blood serum. It is also important to implement the education of patients and their caregivers in the field of vitamin supplementation, necessary in people with a diagnosed vitamin deficit.
